Abstract. The south of Liaozhong sag is a hydrocarbon-rich area but lack of detailed study. This paper aims to analyze the geological conditions of pool forming in this area. Based on the geochemical and other geological data, it is known that source rocks of the study area are suggested to the third member of Dongying Formation and the whole Shahejie Formation. Reservoirs are allocated to the Guantao Formation and Minghuazhen Formation with middle to high permeability and high porosity. As for the caprock, it is considered to be the well-developed mudstones or shale of lower Ed, Es 1 and Es 3 Formation. There are two kinds of source-reservoir-caprock combinations, the lower generation to upper reservoir and self-generation to self-storage. In addition, the hydrocarbon reservoirs are mostly related to faults.
Introduction
The studied area is located at the south of the Liaozhong Sag, which is the part of Liaodong Bay basin. It situated in the northeast of the Bohai Bay basin and adjacent to the Bohai Sea. Faults developed quite well in the studied area. In total, there are two principle faults, one is the No.1 Fault in Liaozhong and the other is the central strike-slip fault which penetrates the whole area. Based on the previous study, the hydrocarbon resource of studied area is quite abundant. It is divided into eight blocks and named as LD22-1, LD22-1S, LD21-1, LD21-2, LD21-3, LD27-1, LD27-2 and LD27-2S respectively ( Figure 1 ).The sedimentary strata from the bottom to the topare the Paleogene Kongdian Formation, the Shahejie Formation and the Dongying Formation, and the NeogeneGuantao Formation, the Minghuazhen Formation, and the Plain Formation. This paper aims to describe the geological conditions of hydrocarbon accumulation in details and analyze the controlling factors of reservoir forming. 
Source Conditions
In studied area, sets of source rock are consisted of mudstone and largely concentrate on Paleocene beddings within the lacustrine facies. Nevertheless, this part principally describes mudstone deposited in Dongying Formation and Shahejie Formation. The description of source conditions would be represented in three aspects, organic matter abundance, organic matter type and organic matter maturity.
Organic Matter Abundance
Generally speaking, measurements of the organic matter mainly include the total organic carbon (TOC), Total Hydrocarbon (HC), chloroform bitumen "A" and the hydrocarbon potential(S 1 +S 2 ).The higher the value of these parameters, the better the source rock is. Among them, TOC, HC and hydrocarbon potential are selected to gauge the organic matter abundance due to the data limitation.
From the figure below, what we can see is that the abundance of source rock in members of Shahejie Formation is much better than that of members in Donging Formation. Besides, the third member of Dongying Formation performs best among other members in same formation. Although the total hydrocarbon of the first member is extremely high, the other two parameters are poor compared with the third member. Thus, E 3 d 3 and Es Formation are preferred to be the effective source rock intervals ( Figure 2 ). 
Organic Matter Type
Figure 3. The organic matter type of source rocks identified in two methods, left one is the crossplot between the best pyrolysis temperature(T-max) and the hydrogen index(HI), right one is the crossplot between oxygen/carbon and hydrogen/carbon.
In this part, two methods are introduced to distinguish the organic matter type. In the general, the organic matter ranges from I to II except for a few samples of lower two member in Donying Formation distributing in the type III zone. Organic matter of Ed 3 and EsFormation mostly extend from I to II 2 while that of other upper members in Dongying Formation just spread from II 2 to III which suggest poor quality of source rock (Figure 3 ).
Organic Matter Maturity
The compositional characteristics of the dissolved organic matter of the source rock can also be used to study the maturity. The common parameters are the asphalt conversion rate (chloroasphalt "A"/organic carbon) and the hydrocarbon conversion rate (total hydrocarbon/organic carbon). These two parameters change with the depth of burial and have different characteristics in the thermal evolution of organic matter, which can determine the maturity. Due to the limited data in the study area, this paper selected only the well-developed source rocks from Ed 3 for the maturity study. The selected parameters are saturated hydrocarbons, hydrocarbon potential, total hydrocarbon/organic carbon, and vitrinite reflectance. From the figure below, it can be seen that except for Ro values, which increases as the burial depth increases, the remaining three parameters appear to increase firstly and followed by a long term decrease. When the burial depth is greater than 2400m, the Ro value starts to be greater than 0.5, indicating the beginning of maturity phase. In addition, the other three parameters all reach the peak below 2400m. Therefore, the threshold depth of the source rock maturity of Ed 3 are suggested to be about 2400m, which probably infer the deeper source rock of Shahejie Formation should have entered the mature stage earlier and already began to generate oil and gas (Figure 4) . 
Reservoir Conditions
Most sediments of Neocene and upper members in Paleocene are consisted of sandstone, which were deposited in delta facies. Specific study on porosity and permeability of these sandstones are discussed below. From the figure, it is obvious to see the both the porosity and permeability of sediments show a decreasing trend as the burial depth increase, which indicate sediments of Nm, Ng have relatively high porosity, within the range from 20% to 35%. Lower values of 16% to 28% are found in the Ed sediments. For the Es sediments, porosity just varies from to 6% to 18%. In addition, permeability of sediments with high porosity display high values as well. Above all, the Neocene Minghuazhen and Guantao Formation are preferred to be the first class reservoir and Paleocene Dongying Formation take the second place ( Figure 5, Figure 6 ). 
Caprock Characteristics
Two sets of regional cappings are mainly developed in the Liaodong Bay area: the third member of thick pure mudstone in Dongying Formation and the first member of thick mudstone intercalating with sandstone and fine sandstone in Shahejie Formation [1] . The two sections of the cap rock have a good physical property sealing capacity and distribute widely. They help the oil and gas to migrate upright to the reservoir above and below, thus forming multiple sets of effective source-reservoir-seal combinations. The large set of thick mudstones in the studied area also developed well in the Dongying Formation and the Shahejie Formation. The difference is that the thickness of mudstones in the 2rd Member of Donying Foramtion are larger than those in the Ed 3 , and a thin layer of mudstone is formed in the sand member. In the northern and southern part of the studied area, there are also thick mudstones in the third member of the Shahejie Formation, all of which can be used as cap rocks.
Hydrocarbon Distribution
There are mainly two types of reservoirs in the studied area, the lower source rock-upper reservoir and the same source rock-reservoir, and no buried hill reservoirs have been discovered so far. However, it is noted that the relative low values of overpressure distribution in the southern part of the Liaozhong Sag resulted in deterioration of the capping ability [2] . Thus the hydrocarbon migration is principally affected by the adjacent fault activities. The block LD21-2, LD21-3, LD27-1, LD27-2, and LD27-2S, which are closer to the center strike-slip fault, are more prone to accumulate hydrocarbon in shallow layers. The oil and gas from block LD21-1 and LD22-1S that are relatively far away from center strike-slip fault, are mainly shown in the Dongying Formation and Shahejie Formation. Therefore the difference of hydrocarbon shows among blocks are probably related to the center strike-slip fault, which would need a further study (Figure 7 ). 
Summary
The source rocks of high quality are mainly distributed in the 3rd Member of the Dongying Formation and the whole Shahejie Formation and the threshold depth of Ed3 source rock are proposed to be about 2400m. Good reservoirs are developed in the Guantao Formation and Minghuazhen Formation, characterized by high porosity-hyperosmotic or high porositymesoporous. Secondary reservoirs of the Dongying Formation and Shahejie Formation in the deeper layers are characterized by mesoporosity -mesoporous or mesoporous-hypotonic. Blocks adjacent to the center strike-slip fault are preferred to accumulate hydrocarbon in Ng and Nm while those relatively far away from center strike-slip fault are prone to pool forming in Ed and Es Formation. Further research is needed to investigate the relationship between hydrocarbon distribution and the fault activities.
